Abstract. Mucins participate in cancer progression by regulating cell growth, adhesion, signaling, apoptosis or chemo-resistance to drugs. The secreted mucin MUC5B, the major component of the respiratory tract mucus, is aberrantly expressed in breast cancer, where it could constitute a cancer biomarker. In this study we evaluated the role of MUC5B in breast cancer by gene silencing the MUC5B expression with short hairpin RNA on MCF-7 cells. We found that MUC5B-silenced MCF-7 cells have a reduced capacity to grow, adhere and form cell colonies. Interestingly, MUC5B knock-down increased the sensitivity to death induced by chemotherapeutic drugs. We also show that MUC5B silencing impaired LPS-maturation of DCs, and production of cytokines. Furthermore, MUC5B knock-down also influenced DC-differentiation and activation since it resulted in an upregulation of IL-1β, IL-6 and IL-10, cytokines that might be involved in cancer progression. Thus, MUC5B could enhance the production of LPS-induced cytokines, suggesting that the use of MUC5B-based cancer vaccines combined with DC-maturation stimuli, could favor the induction of an antitumor immune response.
Introduction
Mucins belong to a heterogeneous group of high-molecularweight O-glycosylated proteins that participate in the protection, lubrication, and acid resistance of the epithelial surface (1) . In cancer, mucins influence cell adhesion and contribute to tumor invasiveness (2) . There is a body of evidence indicating that mucins, not only constitute cancer biomarkers, but also play an active role in cancer progression by regulating cell growth, adhesion, invasion and signaling (2, 3) . Mucins are also involved in chemo-resistance to drugs (4) . Thus, the implication of mucins and their associated carbohydrate antigens in the metastatic process of tumor cells makes them relevant targets for the prevention of metastasis and recurrence of cancers by immunotherapy in combination with effective chemotherapy (5) (6) (7) .
Up to date, 21 human mucins have been described and are expressed on a tissue specific basis (1) . There is a variety of evidence describing the role of mucins in relation to cancer cell behavior and cell signaling pathways associated with tumorigenesis. For instance, the membrane-bound mucins MUC1 and MUC4 promote both cellular differentiation and proliferation (2, 8) and inhibit apoptosis (9) . Similarly, secreted mucins MUC5B (10) and MUC5AC (11, 12) and membranebound mucins MUC13 (13, 14) and MUC16 (15) have also been associated with aggressive behavior of cancer cells.
Mucins produced by tumor cells can also modulate tumor immunity, affecting both the innate and adaptive immune response (16) . Mucin overexpression in cancer can create an immunosuppressive barrier by decreasing the accessibility of immune cells (such as NK cells) or molecules (such as complement) as well as therapeutic drugs (4) . Mucins can also exert immunosuppressive roles on dendritic cells (DCs) (17) . DCs are potent antigen presenting cells that possess the ability to stimulate naive T cells. In response to infectious agents DCs undergo a maturation process during which they migrate to secondary lymphoid organs where they present captured antigens to naive T cells, for the triggering of specific immunity (18) . This process is associated to an upregulation of the expression of MhC molecules, adhesion molecules and co-stimulatory molecules as well as a downregulation of their endocytotic capacity (18) . Mucins, however, can modulate DC function or maturation. For instance, tumoral MUC1 is chemotactic to immature DCs, and maturation of DC in its presence subverts DC function by negatively affecting their ability to simulate type-1 helper T cell responses (19, 20) . In other settings, mucins can, through their glycans, impair DC-maturation and antigen processing and presentation (19, 21, 22) . Indeed, we have previously shown that MUC6 carrying the tumor-associated Tn antigen impairs antigen presentation by DCs (23) . Last, mucins can also induce DC death by apoptosis through interaction with Siglec-3 (24) . Among mucins, MUC5B is a secreted mucin found at high levels in the normal respiratory tract, submandibular glands, endocervix, pancreas and the hepatobiliary system (1, 25) . MUC5B is the major mucin in the respiratory tract mucus where it is essential for mucociliary clearance that controls bacterial infection, providing protection against pathogens (26) . however, MUC5B is aberrantly expressed in different cancers and may constitute a target antigen itself. Indeed, MUC5B has been detected in breast (27) , gastric (28) and colon (29) adenocarcinomas, whereas it is not expressed in their respective normal tissues. Our group has reported the expression of MUC5B in breast tissues, showing that MUC5B apomucin was detected in >80% of primary breast tumors while it was absent in normal control breast samples (27) . Furthermore, the detection of MUC5B mRNA could constitute a specific marker applicable to the molecular diagnosis of breast cancer cell dissemination (30) . Using different approaches we have demonstrated that the human breast cancer cell line MCF-7 expresses MUC5B (27) . In this study we evaluated the role of MUC5B in breast cancer by gene silencing the MUC5B with short hairpin RNA (shRNA) using MCF-7 cells as a model.
MUC5B silencing reduces chemo-resistance of MCF-7 breast tumor cells and impairs maturation of dendritic cells

Materials and methods
Generation of MUC5Bsi and mock MCF-7 cells.
The human breast cancer cell line MCF-7 (ATCC) was cultured in complete culture medium, consisting of RPMI-1640 with glutamine (PAA Laboratories, GE healthcare, USA) supplemented with 10% heat-inactivated fetal bovine serum (FBS), 50 µM 2-mercaptoethanol, 100 U/ml penicillin, 100 mg/ml streptomycin (Sigma-Aldrich, USA), at 37˚C and 5% CO 2 . To generate the pCMV-MUC5B plasmid we amplified by PCR the CMV promoter from the pCMV-RL (Promega, USA) usi ng pr i mers CM V_ Fw (5'-CTCACATG G CTCG ACAGATCTTCAATATTGGCC-3') and CMV_Rev (5'-GCG GGATCCTACTCTAGCCTTAAGAGCTGTAATTG-3'). The product was then digested with BglII and BamhI and cloned at the 5' end of the eGFP coding region of peGFP-1 (BD, Biosciences, USA). The resultant plasmid was modified by PCR inserting an XhoI site at the 3'UTR region of eGFP. The shRNA directed to MUC5B was then cloned in the XhoI site using the following primers: shRNA5B_Fw (5-ATCTCGAG ATCTAGCGACCTGATCCTGTTTCTGACTAAATCGGTG AAGCCACAGATGG-3') and shRNA5B_Rev (5'-CGCTCG AGGATCCGGCAGCCTGATCCTGTTTGACCAAATCCC ATCTGTGGCTTCACCG-3'). The shRNA5B targeted the sequence ATTTGGTCAAACAGGATCAGGC that corresponds to positions 15,534-15,552 of the mRNA of MUC5B (NM_002458.2). Presence of the inserted sequence was confirmed by sequencing. The mock cells consisted of cells transfected with the plasmid without any shRNA sequences. MCF-7 cells were transfected with the plasmids using FuGENE (Roche, France) and placed under antibiotic selection (geneticin at 0.75 mg/ml).
Quantitative RT-PCR for MUC5B. Total cellular RNA was isolated from cells grown to 70% confluence by use of the Tri-reagent (Sigma-Aldrich) from 1-5x10 6 cells, according to the manufacturer's protocols. For cDNA synthesis, 5 µg of total RNA was used as template in a 20-µl reverse transcription (RT) reaction using the M-MLV reverse transcriptase (Thermo Scientific Fermentas, USA) following the manufacturer's instructions. For real-time PCR, a Corbett Rotor Gene 6000 Real-Time PCR Machine and the SYBR Green 1 dye (Applied Biosystems, USA) were used according to the manufacturer's protocol. Standard amplification conditions were 3 min at 95˚C and 35 cycles of 10 sec at 95˚C, 30 sec at 52˚C, and 30 sec at 72˚C. After each PCR reaction, the corresponding dissociation curves were analyzed to ensure that the desired amplicon was being detected and to discard contaminating DNA or primer dimers. For GAPDH detection, sense and antisense primers were 5'-TCGGAGTCAACGGATTG-3' and 5'-CCTGGAAGATGGTGATGG-3' , respectively. For detection of MUC5B, sense and antisense primers were 5'-GGGCCT CGAGTGCCGTG-3' and 5'-CACACGGATTCATAGTT GAA-3' , respectively, generating a 152-bp fragment. Samples were analyzed in duplicates, and product purity was checked through dissociation curves at the end of quantitative PCR (qPCR) cycles. Control reactions were performed to verify the absence of genomic DNA and cross-contamination of any other DNA source. PCR specificity was checked by melting curves, and in the case of MUC5B, the qPCR product was verified by sequencing. Relative quantity of gene expression normalized to GAPDH was analyzed with Chromas 2.4 or REST 2009 V2.0.13 software.
MUC5B expression by immunofluorescence. For immunofluorescence (IF) assays, cells were fixed for 30 min at room temperature with 4% paraformaldehyde in PBS. After fixation, cells were incubated for 10 min at room temperature with 0.05 M ammonium chloride and permeabilized in 0.2% Triton X-100 for 1 h at room temperature. Then slides were incubated with a goat polyclonal anti-MUC5B IgG antibody (Y-20, Santa Cruz Biotechnology) or PBS overnight at 4˚C. After 3 washes with 0.1% Tween-20 in PBS, slides were incubated with the secondary antibody coupled to rhodamine (Pierce, USA) for 1 h at room temperature followed by incubation with DAPI and mounted with 80% glycerol and analyzed in a fluorescence microscope.
Cell viability assays. Cells were plated in triplicates on 96-well plates at a density of 5-160x10 3 cells/well. After incubation for 24, 48 or 72 h, 3-(4,5 dimethyl-2 thiazolyl)-2,5 diphenyl-2h tetrazolium (MTT) bromide solution (Sigma-Aldrich) was added to each well, containing both adherent and non-adherent cells, at a final concentration of 0.5 mg/ml and incubated for 4 h. The formazan crystals were dissolved in a solution containing 0.1 N hCl in isopropanol and absorbance was measured at 570 nm with a plate spectrophotometer (Thermo Scientific Labsystems Multiskan). Alternatively, cells were incubated with cis-diammine-platinum dichloride (cisplatin) or 5-fluorouracil (5-FU) at 10 µg/ml.
Evaluation of apoptosis by flow cytometry. Cells were harvested and incubated for 6 h in complete medium in 96-well plates (0.5x10 6 cells/ml). Then, cells (both adherent and non-adherent) were incubated with Annexin V-APC (Invitrogen, Carlsbad, CA, USA) for 30 min and positive cells were quantified using a CyAn ADP Analyzer (Beckman Coulter, USA). For each analysis sample a minimum of 10,000 counts were recorded.
Cell cycle analysis by flow cytometry. Mock and MUC5Bsi cells were seeded in 60-mm Petri dishes (5x10 5 cells/dish) and cultured for 36 h in complete culture medium. Subsequently, the culture medium from each dish was collected and cell monolayers were then trypsinized, gently resuspended in 3 ml of complete medium and immediately mixed with the previously collected culture medium. Cells were centrifuged (800 rpm, 5 min), washed two times in 5 ml cold PBS, fixed in cold 70% ethanol and stored at -20˚C. Prior to flow cytometry analyses, cells were centrifuged, resuspended in 0.5 ml PBS, passed through a 50-µm nylon mesh filter, treated with 25 µl RNase (1 mg/ml) and finally stained with 25 µl propidium iodide (PI, 1 mg/ml) for 10 min. Flow cytometry cell cycle estimations were performed on a FACSVantage flow cytometer (BD Biosciences, CA, USA) equipped with a 70-µm nozzle and an argon laser emitting at 488 nm (100 mW). Fluorescence emitted from PI was collected in FL2 channel using a 575/26 band pass filter. The DNA QC Particles kit (BD Biosciences) was used to check the calibration and linearity of the equipment. Data were acquired and processed using Cellquest software (BD Biosciences). Side scatter versus forward scatter (SSC/FSC), side scatter versus FL2 pulse area (SSC/FL2-A) and FL2 pulse width versus FL2 pulse area (FL2-W/FL2-A) plots as well as FL2-A histograms were used for the analysis of DNA measurements. Experiments were performed in sextuplicate. In all cases, a total of 5,000 cells were analyzed per experimental point.
Colony forming assay. MUC5B knock-down or mock MCF-7 cells were seeded in complete media at a density of 500 cells in 10-cm dishes. The plates were incubated at 37˚C for two weeks and then stained with 0.1% crystal violet. Colonies of >50 cells were counted manually.
Cell adhesion. Ninety-six-well plates were coated with Matrigel (BD Biosciences) at 4˚C for 8 h and then blocked with 1% (w/v) bovine serum albumin at room temperature for 30 min. Cells were trypsinized, washed with complete medium and recovered in RPMI containing 2% FBS. Cells (5, 10 and 20x10 4 ) were allowed to attach for 2 h at 37˚C in a humidified 5% CO 2 incubator. Attached cells were first fixed with 1% glutaraldehyde for 10 min at room temperature and then stained with 0.1% crystal violet for 30 min at room temperature. Then they were lysed with 10% acetic acid. Absorbance was read in a spectrophotometer at 570 nm.
Preparation of tumor cell-derived conditioned media (CM).
CM were prepared by seeding 1x10 6 tumor cells in 5 ml of complete medium placed in a 25 cm 3 culture flask and collected after 72 h. The effects of CM on DCs were examined by replacing 50% of the culture medium with CM at the initiation of DC differentiation or maturation.
Generation of monocyte-derived DCs. PBMC were obtained following Ficoll-hypaque density-gradient centrifugation and stored in liquid nitrogen before use, as described (31) . Monocytes from PBMC were purified by plastic adherence. For DC differentiation, monocytes were incubated for 2 days in RPMI supplemented with 10% (v/v) heat-inactivated FBS, 1000 U/ml GM-CSF (PeproTech, USA) and IL-4 (1% of a conditioned supernatant from the IL-4 transfected J588L cell line 
DC differentiation and maturation assays with CMs.
To test the effect of CM on DC-differentiation, monocytes were cultured as described above in the presence of 50% of CM derived from MUC5Bsi or mock MCF-7 cells. After 2 days, medium was renewed with the same conditions and further incubated for 24 h. Then, DCs were stimulated with LPS (1 µg/ml) from Escherichia coli serotype O26:B6 (Sigma-Aldrich) for 18 h and incubated at 37˚C in 5% CO 2 . To test the effect of CM on the maturation of DCs, differentiated DCs (1.25x10 5 cells/well) were cultured with CM (50%) in 12-well culture plates and incubated for 24 h. Then, LPS (1 µg/ml) was added and incubated for 18 h at 37˚C in 5% CO 2 . Culture supernatants were collected, clarified by centrifugation and stored at -80˚C for a maximum period of 1 month until cytokine analysis. Monocyte-derived DCs were harvested and stained for flow cytometry analyses.
Flow cytometry and antibodies for DC staining. The following antibodies purchased from BD Biosciences were used for flow cyto-metry staining: anti-human CD86 (clone 2,331, phycoerythrin (PE)-conjugated), anti-human hLA-DR (clone TU36, fluorescein isothiocyanate (FITC)-conjugated), antihuman CD19 (clone hIB19, PE-conjugated), anti-human CD3 (clone hIT3a, FITC-conjugated), anti-human CD14 (clone M5E2, FITC-conjugated). The anti-human CD11c (clone 3.9, PerCP-eFluor ® 710-conjugated) was purchased from eBioscience (USA). DCs were stained and later analyzed using a CyAn™ ADP (Beckman Coulter) flow cytometer and Summit 4.3 software. For each sample the following parameters were studied: forward scatter (FSC) versus side scatter (SSC) to define the acquisition gates for intact cells, FSC versus Pulse Width dot plot were used for doublet discrimination and FSC versus FL5 channel (CD11c) for dendritic cells. For each analysed sample a minimum of 10,000 counts, gated on a FSC vs SSC dot plot, single intact DC were recorded. The median fluorescence intensity (MFI) was used to compare results. Statistical analysis. Data were expressed as median and range or mean and SD, as specified. Statistic calculations were performed using the Student's t-test or two-way ANOVA with GraphPad Prism software version 5.01. Differences were considered statistically significant when the obtained value was <0.01 or <0.001.
Results
MUC5B
shRNA silencing decreases cell-adhesion, cell growth and clonogenic ability of breast cancer cells. In order to evaluate the biological role of MUC5B in breast cancer, we silenced its expression in the human breast cancer cell line MCF-7, that constitutively expresses this mucin (30) . The expression of MUC5B in MCF-7 cells was evaluated by qRT-PCR (Fig. 1A) and the sequence of the amplified segment (Fig. 1B) was confirmed by DNA sequencing. MUC5B expression was also evaluated by immunofluorescence on MCF-7 cells revealing a cytoplasmic and surface staining and suggesting an active biosynthesis of this mucin (Fig. 1C) . To obtain a MUC5B-silenced or knock-down clone from these cells (referred here as MUC5Bsi) we transfected them with a plasmid coding for a MUC5B-specific shRNA sequence and selected them by incubation in geneticin-containing medium. MUC5Bsi cells showed a 96% inhibition rate of MUC5B expression by qRT-PCR compared to mock cells (Fig. 1C) . As expected, both transfected cells expressed the eGFP protein, while only the mock cells expressed MUC5B apomucin (Fig. 1D) .
Next, we evaluated the properties of MUC5B-suppressed cells, in terms of cell growth and adhesion. MUC5Bsi cells showed a cell growth rate in vitro that was significantly lower than the one observed for mock cells (Fig. 3A) . One possible explanation for this slowed tumor cell growth could be an increase in the steady-state levels of apoptosis of breast tumor cells or an arrest in the cell cycle. however, the downregulation of MUC5B in the breast tumor cells did not correlate to an increase in the steady-state apoptosis (Fig. 3B) . On the contrary, when analyzing the percentage of mock and MUC5Bsi cells in the various phases of cell cycle, we only observed a slight decrease in the percentage of MUC5Bsi cells in the G1 phase compared to mock cells (Fig. 2C) .
Suppression of MUC5B also altered the adhesive properties of breast cancer MCF-7 cells, decreasing the capacity of MUC5Bsi cells to adhere to components of the extracellular matrix (Fig. 2D) . We also evaluated the clonogenic ability of both transfected cells by plating efficiency. Cancer cells, in general, have higher plating efficiency than normal cells. MUC5Bsi cells showed a significant lower clonogenic efficiency as compared with the mock control (Fig. 2E) .
Downregulation of MUC5B expression increases chemosensitivity of breast cancer cells. Different independent
reports have shown that cancer cells may develop resistance to cell death induced by anticancer agents (32) . To investigate whether MUC5B contributes to the resistance of breast cancer cells to chemotherapeutic drug-induced death, we exposed ). Attached cells were stained with crystal violet then lysed with 10% acetic acid and absorbance was read in a spectrophotometer at 570 nm. (E) The clonogenic ability of MUC5Bsi or mock MCF-7 cells was assayed by plating 500 cells in 10-cm Petri dishes, cultured for 2 weeks and then cell colonies were stained with crystal violet.
both MUC5Bsi and mock cells to 5-fluorouracil (5-FU) or cisplatin treatment. As shown in Fig. 3 , MUC5B in MCF-7 cells was associated with decreased sensitivity to 5-FU or cisplatin induced-death (Fig. 3A and B) . Furthermore, MUC5Bsi cells exposed to cisplatin (at 10 µg/ml) showed a 2-fold increase in the percentage of cell death as compared to mock cells (Fig. 3C ). In the same line, the percent viability with 5-FU treatment at 10 µg/ml for mock cells was 90%, which reduced significantly to 60% in MUC5Bsi cells, indicating a 4-fold increase of cell death in MUC5B-downregulated tumor cells (Fig. 3D) . The augmented chemo-sensitivity to both drugs in MUC5Bsi cells was also confirmed at different cell concentrations ( Fig. 3E and F) .
MUC5B expression in the culture medium enhances the production of LPS-induced cytokine levels by DCs, while MUC5B silencing impairs DC-maturation.
Then, we investigated whether the silencing of MUC5B could affect the maturation of DCs, the only antigen presenting cells capable of priming naïve T cells. Although their essential role in cancer immunosurveillance (33) , function of DCs can be compromised with tumor growth (34) . In order to evaluate whether MUC5B silencing has an effect on the maturation of DCs we cultured them with the conditioned medium (CM) derived from MUC5Bsi or mock cells in the presence or absence of LPS. The expression of different surface molecules as well as the production of pro-and anti-inflammatory cytokines was evaluated by flow cytometry and compared to DCs incubated with CM from mock cells. Cultured DCs in presence of CM derived from tumor cells did not induce significant changes on the expression of co-stimulatory or the production of cytokines, except for the fact that incubation with CM from MUC5Bsi cells resulted in a decreased expression of hLA-DR (Fig. 4A) .
On the contrary, when DCs were incubated in the presence of mock CM and LPS, HLA-DR expression was significantly reduced and associated to an upregulation of IL-6 and TNFα (Fig. 4B) . Nevertheless, when silencing MUC5B a decrease of hLA-DR, CD80, CD83 and CD86, as well as the IL-6 and TNFα production was observed when compared to mock cells (Fig. 4B) . To further analyze the effect of CM on DCs, these experiments were carried out in the presence of different doses of CM and a broader panel of cytokines was evaluated. In the absence of a maturation stimulus we did not observe significant changes in the expression either of surface molecules or cytokines (Fig. 4C) . however, in the presence of LPS and CM from mock cells, not only IL-6 and TNFα production was increased, but also IL-1β, IL-10 and IL-12 levels were augmented, while IL-8 remained unchanged (Fig. 4D ) and this effect was dependent on the doses of CM added. The increase in the cytokine levels was not observed with CM from MUC5Bsi cells, indicating that MUC5B silencing on MCF-7 cells significantly decreased the production of cytokines induced by MCF-7 derived-factors upon LPS stimulation. MUC5B silencing also resulted in significant decrease of HLA-DR, CD80 and CD86 by DCs incubated in presence of CM and LPS (Fig. 4D) .
MUC5B silencing is associated with an increase of IL-1β, IL-6
and IL-10 production by DCs differentiated in the presence of tumor conditioned media. Mucins produced or shed by tumors can drain to regional lymph nodes and enter the peripheral circulation, where they could potentially modulate immune responses or differentiation of DCs (22) . In order to evaluate whether MUC5B affects DC-differentiation, we incubated CM from MUC5Bsi MCF-7 cells with monocytes in the presence of GM-CSF and IL-4. After differentiation, LPS-maturation was induced, and the expression of hLA-DR and co-stimulatory molecules was evaluated by flow cytometry, as well as the production of a variety of cytokines. As shown in Fig. 5 , DCs differentiated with CM from MUC5Bsi cells produced higher levels of IL-1β, IL-6 and IL-10 than DCs incubated with CM from mock cells, either in absence or presence of LPS. Interestingly, the production of IL-8 was completely abrogated when DCs were differentiated in the presence of CM from mock cells, while it was significantly augmented in the presence of CM from MUC5Bsi cells (Fig. 5A ). In the presence of LPS, IL-8 and IL-12 expression was decreased and increased, respectively, with both CM. however, TNFα, although augmented when DCs were differentiated in the presence of CM from mock cells, was decreased when incubated with CM from MUC5Bsi cells (Fig. 5B) . Additionally, in response to LPS, the expression of hLA-DR, CD86 and TNFα was reduced on DCs differentiated in the presence of CM from MUC5Bsi cells as compared to incubation with CM from mock cells (Fig. 5B) .
Discussion
An altered expression of mucin has been reported to be associated with cancer progression and can influence cell growth, differentiation, transformation, adhesion, invasion, and immune surveillance. In this study we evaluated the role of MUC5B in MCF-7 breast cancer cells by knocking down its expression with shRNA. MUC5B-silenced cells were characterized by a reduced cell growth rate, clonogenicity and capacity to adhere to components of the extracellular matrix, suggesting that MUC5B could participate in the metastatic process by providing tumor cells with a more aggressive behavior. Furthermore, the altered cell growth and adhesion did not correlate with an increase of apoptotic cells or a cell cycle arrest, suggesting that these processes might be under the control of other mechanisms. Interestingly, it has been recently reported that siRNA-mediated silencing of the secreted mucin MUC5AC on pancreatic cells led to a decrease in the expression of a set of α-and β-integrins (11) and the vascular endothelial growth factor (VEGF) (12) , explaining at least in part, the reduced cell-adhesion and cell growth, respectively, of silenced cells (11) . In this context it would be interesting to investigate whether the silencing of MUC5B in MCF-7 cells modifies the expression of these or other molecules implicated in tumor adhesion or invasion. On the other hand, the lower clonogenic efficiency of MUC5B-silenced MCF-7 cells could indicate that MUC5B silencing affected the ability of single cells to proliferate which could reduce the capacity of cancer cells to metastasize (35) . Consistent with the results presented here, a previous study showed a significant increase in the growth rates of MCF-7 cells overexpressing a recombinant form of MUC5B, compared with clones expressing endogenous amounts of MUC5B (10) . Mucins can also contribute to an augmented aggressive behavior by conferring resistance to drug-induced death. Our results show that MUC5B silencing in MCF-7 cells was associated with an increase sensitivity to 5-FU or cisplatin induced-death. In support of these findings, the ectopic overexpression of MUC4 or the knockdown of MUC1 and MUC4 on tumor cells was associated with a decreased sensitivity of these cells to various chemotherapeutic drugs (9, (36) (37) (38) (39) (40) . Since mucins are high-molecular weight glycoproteins, they could restraint the drug accessibility to the tumor cell, limiting their effectiveness in inducing cell-killing (4). The steric hindrance of membrane-bound mucins is closely linked to the number and length of O-glycosidic chains they bear. In fact, the inhibition of O-glycosylation using benzyl-α-GalNAc both in vitro and in vivo resulted in improved antitumor effects of 5-FU (37, 41) . A more likely mechanism that could explain the drug-resistance conferred by mucins would be through the enhancement of the expression of multi-drug resistance genes. This was described for MUC1 in pancreatic cancer cells, and found that the cytoplasmic tail motif of MUC1 was associated with the promoter region of a multi-drug resistance gene, indicating that MUC1 would act as a transcriptional regulator (42) . It is more likely for MUC5B to confer chemo-resistance by reducing intracellular drug uptake and hence its antitumor drug effects, since it is a secreted mucin that could form a protection mucus web around the cell (4).
Mucins can also modulate the immune system in the benefice of tumor growth. For instance, MUC16 protects cancer cells from cytotoxic responses of natural killer cells (43) , probably by interacting with the inhibitory receptor Siglec-9 (44). MUC1, on the contrary, impairs the differentiation and function of DCs (19, 22) . For example, it has been well evidenced that tumor-derived products can selectively chemoattract immature DCs to the tumor by producing the MIP-3α chemokine (17) . Moreover, MUC1 produced by breast cancer cells attracts immature DCs that lack the capacity to activate Th1 cell immunity (19) . Despite all the outstanding studies performed on MUC1, and to a lesser extent on MUC4 and MUC16, very few studies have focused on the elucidation of the role of secreted mucins in breast cancer, and in particular, on MUC5B. We found that MUC5Bsi-derived soluble factors impaired DC-maturation by LPS, while those from mock cells enhanced the production of LPS-induced cytokines. This could indicate that MUC5B produced by MCF-7 may induce a pro-inflammatory phenotype of DCs. however, additional experiments performed on DC conditioned with purified MUC5B are needed to establish the direct role of MUC5B on maturation of DCs. One possibility is that MUC5B interacts with DCs through its glycans, since when expressed on mucins, they can modulate immunity (45) . Thus, it would be of interest to study the glycan structures carried by MUC5B produced by MCF-7 tumor cells and elucidate whether they mediate some of the effects evidenced when downregulating MUC5B. Alternatively, the silencing of MUC5B could alter the expression of other molecules that might influence DC-maturation.
Regarding the effect of mucins on DC differentiation, tumor-derived MUC1 has been shown to inhibit DC-differentiation or induce an altered function of DC differentiated in the presence of MUC1 (20, 22) . It has been demonstrated that DC differentiated in the presence of MUC1-rich CM from pancreatic cancer cells express lower levels of MhCII and CD40 while they produce higher levels of IL-10. These treated-DCs had an impaired capacity to trigger Th1 responses and the ability to promote T cell regulatory activity (20) . These properties have also been described for a recombinant MUC1 glycosylated protein carrying sialylated carbohydrate antigens, which impairs DC-differentiation and antigen presentation, through a mechanism involving MUC1 O-glycans (22) . here, we show that CM derived from MUC5Bsi MCF-7 tumor cells increases the production of IL-1β, IL-6 or IL-10 by DCs during their differentiation, in absence or presence of a maturation stimulus, while this was not caused by mock MCF-7 cells. In this context, it is suggested that the silencing of MUC5B could alter the expression of other molecules that could eventually be responsible for the immunomodulatory effects of MUC5Bsi CM.
In conclusion, we provide evidence showing that MUC5B expression in cancer cells contributes to certain tumorigenic properties of breast cancer cells, such as cell growth, adhesion, clonogenic ability and drug chemo-resistance, suggesting that targeting MUC5B expression by gene therapy could constitute a tool of choice in the future. On the contrary, when evaluating the effects MUC5B on differentiation and maturation of DCs, we show that MUC5B silencing impaired LPS-maturation of DCs, and production of cytokines. Furthermore, MUC5B silencing also influenced DC-differentiation since it resulted in an upregulation of IL-1β, IL-6 and IL-10. The immunomodulatory properties described in this study could help to develop a rational design of MUC5B-based cancer vaccines.
